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FOREWORD 


This  report  was  prepared  "biy  the  liiiversity  of  Minnesota  vmder 
Contract  No,  AF  33(032)-lS903.  contract  was  initiated  under 
Research  and  Developnent  Order  No.  6l4-l6,  "Fatigus  Properties  of 
Structural  Materials”,  and  was  administered  under  the  direction  of 
the  Materials  Laboratory,  Directorate  of  Research,  Wri^t  Air 
Developanent  Center,  with  Mr.  W.  J.  Trapp  acting  as  project  engineer. 
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ABSTRACT 


Bjynamic  creep  and  rupture  data  are  presented  on  N-I55  at 
room  temperature  and  1000°  P.,  correlated  to  some  extent  with 
prior  work.  Temperature  increases  were  observed  in  certain  ten^. 
perature  and  stress  ranges  immediately  after  the  application  of 
alternating  stress  to  a test  specimen.  These  are  discussed  in 
terms  of  the  internal  damping  capacity  of  the  material  and  the 
possibility  of  utilizing  these  observed  temperattire  increases  as 
a qualitative  indication  of  damping  is  sug^sted.  A vibration 
analysis  of  the  Minnesota  direct  stress  fatigue  machine  is  pre- 
sented and  used  to  correlate  calibration  data  procured  by  three 
independant  methods. 
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AHAL  FATIGUE  PROPERTIES  OF  N-l55  AT  ROOM  TEMPERATURE 


AND  100Q°F  UNUER  VARIOUS  STRESS  RATIOS 
I.  INTRODUCTION 

This  work  represents  a continuation  of  previous  research  conducted 
at  Syracuse  University  (1)  (2)*  on  Air  Force  Contract  W33-038  AC159U1-  All 
the  work  reported  in  this  part  was  conducted  on  low  carbon  N-l$5  at  room 
temperature  and  1000®F. 

II.  TESTING  MACffiNES  AND  TITEIR  CALIBRATION 
2.1  Purpose  and  Scope 

All  data  were  procured  in  specially  constructed  direct  stress 
machines  developed  for  this  voik  (1)  (2).  These  machines  have  a capacity  of 
5000  lbs.  mean  force  and  ^ 5000  lbs.  alternating  force  at  3600  rpm. 

In  view  of  certain  irregularities  which  appeared  during  some  of  the 
earlier  tests,  a rather  complete  dynamic  analysis  and  calibration  program  was 
undertaken  on  the  fatigue  machines  used.  The  dynamic  force  analysis  involved 
a theoretical  and  experimental  study  of  the  exciting  force,  inertia  force, 
specimen  elasticity,  and  phase  angle  relationships  in  the  two  mass  and  two 
spring  systems  which  may  be  assumed  to  represent  the  fatigue  machine. 

Dynamic  and  static  force  and  stress  distributions  calibrations 
were  accomplished  principally  by  measuring  the  strain  in  a specially  prepared 
test  specimen  with  SR-U  strain  gages  attached.  This  method  was  checked  experi- 
mentally by  direct  measurements  with  a proving  ring.  Furthermore,  the 
specimen  force  was  theoretically  determined  by  computing  the  centrifugal 
force  exerted  by  the  rotating  eccentric  and  taking  into  account  the  approxi- 
mate inertia  forces  involved  and  their  phase  relationships.  These  three 
methods  of  determining  the  specimen  force  are  described  in  detail  below. 


Numbers  in  parenthesis  refer  to  references  in  the  bibliography. 
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2.2  Strain-Gage  Analysis 

In  the  strain-gage  method,  three  type  C-1  SR-U  gages  were  cemented  at 
positions  120°  apart  to  a cylindrical  alloy  steel  specimen  having  gage  length 
of  2"  and  diaoieter  of  0,4“,  I'he  temperature  compensation  gage  was  cemented 
circumferentially  around  the  test  length.  To  eliminate  error  due  to  the  Poisson 
effect  on  the  duirmy  gage,  the  dynamometer  was  calibrated  in  a static  testing 
machine.  Strain  was  measured  by  means  of  an  Ellis  bridge  amplifier  used  in 
conjunction  ■with  a cathode  ray  oscilloscope.  The  stress  in  the  specimen  was 
conputed  from  the  average  of  the  three  strain  gage  readings  so  that  the  effects 
of  bending  would  not  affect  the  determination  of  the  total  force  on  the  specimen. 

In  the  presence  of  bending  in  the  specimen  due  to  eccentric  loading  through  the 
grips,  the  difference  between  readings  of  the  three  gages  may  be  used  to  deter- 
mine the  bending  stress,  Rath  the  improved  gripping  devices  (1),  the  average 
bending  stress  observed  in  test  specimen  was  generally  less  than 

2.3  Proving  Ring  Analysis 

In  a second  independent  experimental  method  of  calibration, a Morehouse 
proving  ring  was  employed.  This  ring,  equipped  with  an  electric  contactor  device 
in  place  of  the  usual  vibrating  reed,  was  inserted  in  place  of  the  test  specimen. 

The  maximum  load  during  a cycle  was  determined  for  various  settings  of  the ' eccentric 
with  the  aid  of  a neon  light  to  indicate  contact, 

2.U  Theoretical  Analysis 

As  a theoretical  check  on  the  above  experimental  methods,  the  centri- 
fugal force  produced  by  the  rotating  eccentric  and  the  relationship  of  this 
force  to  the  force  on  the  specimen  were  analyzed  as  outlined  below, 

Ihe  direct  stress  machines  used  in  this  work  consist  basically  of  the 
spring-mass  system  sho>m  in  Fig.  1,  A heavy  mass  (frame  and  component  parts) 
is  mounted  on  springs  K^,  and  a relatively  small  mass  M (cage,  preload  spidngs, 
and  component  parts)  is  connected  to  the  frame  by  another  spring  K (test  specimen). 
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A sinusoidal  force  F = sin  ft,  produced  by  the  rotating  eccentric,  is  applied 
to  the  small  mass  M which  is  constrained  to  move  only  in  the  vertical  direction* 

For  this  system  it  can  be  shown  (3)  that  the  amplitude  of  vibration 


of  mass  and  amplitude  A of  mass  M are  given  by  the  following  equations* 


F K 


(Mf^-K)  - 


(a) 


A = 


(Mj_f^-Kj_-K)  (Mf^-K)  - 


(b) 


where:  f = angular  frequency  of  the  rotating  eccentric  in  rad./sec. 

If  masses  M and  and  K and  Kj^  are  associated  with  the  actual  fatigue 
machine  parts  as  indicated  above,  then  the  following  constants  may  be  substituted 
in  equations  (a)  and  (b). 

= 1370  lbs.  = U2.7  slugs  = weight  of  frame  and  attached  parts 
M = 5^  lbs.  = 1.71  slugs  = effective  weight  of  cage  and  attached  parts 
= 9000  Ibs/in  = 108,000  Ibs/ft  = spring  constant  of  springs  which 
isolate  the  frame  from  the  floor  to  avoid  vibration  transmission 
K =10  Ibs/in  = 12x10  Ibs/ft  = approximate  spring  constant  of  the 
test  specimen. 

Since  K is  much  larger  than  it  can  be  shown  that  can  be  equated  to  zero 

without  significantly  affecting  the  behavior  of  the  system.  Doing  this  and  defin- 
2 2 

ing  f^  = ^2  * then  equations  (a)  and  (b)  become* 


F/K 


(1-fVfq)  (l-fV4)  - 1 


(c) 


k ^ 


F/K  (l-i:V-tJ)  ^ 


(l~fV.fq) 


(d) 
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To  determine  the  resonance  frequency  f^.,  -Uie  denominator  is  equated  to 
zeroi  thus, 

(1-f^fJ)  (l-f^4)  -1  = 0 


and  solving  for  f^: 
ir  ^2 


(e) 


Substituting  the  specific  values  of  M and  K given  previously,  it 
is  found  that  resonant  frequency  f^  = 67  rad. /sec.  This  value  is  used  in  the 
construction  of  the  resonance  response  curves  of  Fig.  1. 


The  centrifugal  force  produced  by  the  revolving  eccentric  is: 

F = mrf^ 
o 


if) 


where  mr  is  the  unbalance  of  the  eccentric* 

Substituting  equation  (f)  into  equations  (c)  and  (d)  and  rearranging 


terms  in  order  to  put  the  equations  in  a dimensionless  form^  it  is  found  that: 

(e) 


Ai  . 


mrf 


A 


- 1 


mrf 


(f/f  - 1 


r ' ' r' 

Equations  (g)  and  (h)  are  plotted  in  Fig,  1 iidth  the  left  hand  terms 
(called  aim^litude  indexes)  as  a function  of  the  ratio  of  the  exciting  to  the 
resonant  frequency  (f/f^).  Both  coordinates  are  therefore  dimensionless. 

At  the  operating  frequency  of  60  cps  and  •with  a test  specimen  in  places 
the  frequency  ratio  (f/f^)  is  approximately  O.lU  and  it  may  be  noted  from  Fig,  1 
that  the  amplitude  of  the  cage  and  the  frame  are  both  negative.  Hence  both  are 
in  phase  with  each  other  but  out  of  phase  -with  the  eccentric.  Furthermore,  the 
amplitude  of  the  cage  is  significantly  less  than  that  of  the  frame.  These  results 
correspond  with  obseinrations  made  during  the  calibration. 
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liJhen  the  test  specimen  is  replaced  by  the  proving  ring  (having  a 
a significantly  lower  stiffness  than  the  specimen)  the  resonant  frequency  f^  is 
considerably  reduced.  As  a result,  at  the  operating  frequency  of  60  cps  the  fre- 
quency ratio  f/fj,  increases  to  approximately  0.28  as  shown  in  Fig.  1.  For  this 
case  the  cage  is  out  of  phase  with  the  frame  and  in  phase  with  the  eccentric. 

Again,  this  theoretical  conclusion  was  confirmed  by  observations  during  calibration 
of  the  machine. 

2,5  Comparison  of  Results  of  the  Three  Methods  of  Calibration 


The  only  method  which  measures  the  force  F , directly  in  the  specimen 

s 

is  the  SR-U  calibration.  The  SR-U  data  are  shown  in  Fig.  2 as  the  solid  line 

and  points  ( • ).  In  this  calibration  the  data  were  reproducible 

within  approximately  25  lbs. 

To  determine  the  specimen  force  F„  by  the  other  two  methods  it  is  of 

O 

course  necessary  to  consider  the  magnitude  of  inertia  forces  and  their  phase 
relationship  to  the  centrifugal  force,  as  discussed  above  and  as  diagrammed  in 


Fig.  1.  This  is  done  below. 

2,5.1  Theoretical  Centrifugal  Force  Method.  At  the  operating  frequency 
mth  the  test  specimen  in  place  the  inertia  force  is  180°  out  of  phase  with  the 
centrifugal  force  (see  negative  ordinate  in  Fig.  1 at  frequency  ratio  indicated 
for  case  i«rith  test  specimen  in  place).  Thus: 


where  F^  alternating  force  in  the  test  specimen,  lbs, 

•4*  P 

Fg  =-  alternating  force  produced  by  the  eccentric,  = mrf  , lbs, 

S 

Fj^  =- inertia  force  caused  by  vibration  of  cage  and  associated 

2 

parts  with  test  specimen  in  place,  lbs.  “ M A f 

s 

where  A^  is  amplitude  of  cage  with  specimen  in  place. 

2 

The  values  of  F^  calculated  directly  from  mrf  (where  mr  was  both  calculated 
and  measured)  are  shown  by  the  points  and  dashed  lines  in  Fig,  2,  This  F 

e 
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cu3Tve  must,  of  course, be  "dropped"  by  the  inertial  force  lidiich  was  calculated 
by  the  equation  (i)  above.  The  resultant  F curve  is  shown  by  the  "®"  points 
which  fall  along  the  solid  line  deterrained  by  SR-U  measurements  within t'lf^  in 
the  operating  range.  Thus,  the  theoretical  method  checks  the  SR-U  method  very 
closely. 


2.^,2  Proving  Ring  Method.  As  discussed  above,  with  the  proving  ring 
in  the  vibrating  system  (in  place  of  the  specimen)  the  cage  motion  is  in  phase 
with  the  eccentric  (see  positive  ordinate  in  Fig.  1 for  cage  at  operating  fre- 
quency ratio  mth  proving  ring).  Consequently,  the  alternating  force  F^  felt  by 


the  proving  ring  is : 

p = F ^ F^ 
p e X 


(j) 


Tdiere  F?  = ^ inertia  force  felt  by  vibrating  cage  and  associated 

parts  with  proving  ring  in  place,  lbs, 

2 

= M A f 
P 

Vnere  A^  = amplitude  of  vibration  of  cage  mth  proving 
ring  in  place. 

Corabining  equations  (i)  and  (j); 

F = F - (Fit  F®) 

S p 1 1 


(k) 


The  values  of  F^,  deterrained  directly  from  proving  ring  measurements 
are  shoTm  in  Fig.  2 by  the  "6"  points  and  dot-dash  line.  If  this  curve  is 
dropped  by  the  negative  inertia  force  correction  (F?-f-Ff)  as  shoi-m,  the  resultant 
F points,  shown  as  check  the  other  two  F curves  mthinjTli^  in  the  operating 

range  of  the  machine. 

2.5*3  Conclusion.  It  is  apparent  frora  the  data  presented  that  all 
three  methods  of  calibration  check  each  other  witlun in  the  operating 
range^  which  is  considered  entirely  adequate  for  fatigue  testing. 
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III.  Tedt  Material 


The  N-155  material  used  in  this  investigation  was  furnished  to 
the  University  of  Michigan  as  part  of  an  N.A.C.A.  cooperative  program  (U)> 

Some  of  the  specimens  were  prepared  at  Michigan>  while  others 
were  prepared  at  Minnesota^  In  both  cases  a longitudinal  polishing  method 
(2)  (U  was  used  to  produce  the  final  contour  and  surface  finish.  The 
chemical  analysis,  heat  treatment  and  method  of  material  processing  and 
specimen  preparation  are  described  in  reference  U* 

IV.  Test  Specimens 

The  forms  of  the  test  specimens  used  are  given  in  a previous  report 
(2),  All  specimens  have  a 0.25"  minimum  diameter.  At  high  altemating-to- 
mean  stress  ratios  A (1.6U  and  higher),  during  which  creep  is  not  measured,  a 
single  fillet  type  "B"  specimen  is  used;  whereas  at  low  stress  ratios  (0.6? 
and  lower),  tdiere  creep  is  measured,  the  type  "A"  specimen  with  a 2"  effec- 
tive gage  length  is  used. 

Test  Procedure,  Test  Data,  and  Discussion 

5.1  1000°F  Tests 

5.1.1  Temperature  Production  and  Control  Equipment.  The  furnace 
used  and  method  of  shunting  for  control  of  temperature  uniformity  was  the 
same  as  used  in  previous  work  (l)  (2).  However,  the  temperatuire  controller 
was  quite  different  from  these  previously  used.  Since  the  temperature 
changes  associated  with  damping  energy  (to  be  discussed  later)  are  somewhat 
dependent  on  the  type  of  controller  used  and  the  nature  of  the  thermocouple 
mounting,  these  items  are  briefly  discussed  below. 

The  control  system  used  tei^orarily  until  controls  assigned  to  this 
work  were  received  consisted  of  a Leeds  and  Northrup  "Micromax"  strip  chart 
recorder  controller,  an  associated  control  unit  with  adjustable  proportional 
band  and  droop  correction,  and  a motor-driven  Varlac.  The  variable  voltage 
output  of  the  Varlac  is  connected  to  the  furnace.  Therefore,  with  this 
control  system,  whenever  a charge  of  specimen  temperature  occurs  the  control 
unit  reacts  to  adjust  the  motor-driven  Varlac  to  increase  or  decrease  its 
voltage  output  to  the  furnace.  A similar  control  system  is  used  with  the 
controls  assigned  to  this  work,  jt,  consists  of  a Brown  Electronik  circular 
chart  recor^ler-controller  with  fixed  i$%)  proportional  band  and  a motor- 
driven  Powerstat.  The  control  action  is  similar  to  the  Leeds  and  Northrup 
equipment.  With  either  of  these  control  systems  the  temperature  of  the 
specimen  is  held  to  of  the  thermocouple  reading. 
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The  temperature  at  the  specimen  is  sensed  by  tvo  chromel-alumel 
thermocouples  wired  to  the  minimum  diameter  of  the  specimen  so  as  to  maintain 
metallic  contact  and  then  covered  with  a platinum  foil  shield  against  radiation. 
The  thermocouple  leads  are  then  connected  to  a switching  station  outside  the 
fuimace  which  is  so  arranged  to  permit  independent  control  and  measurement  of 
either  thermocouple  or  both.  Oui*ing  a normal  test  the  thermocouples  are 
connected  In  parallel  to  the  contzx>ller  thus  giving  an  average  emf  to  the 
controller  and  also  enabling  the  temperature  control  to  be  maintained  if  one 
cf  the  thermocouples  fails  during  the  test.  Each  of  the  thermocouples  is 
checked  with  a portable  potentiometer  several  times  during  a test. 

In  many  of  the  tests  at  lOOO^F  the  supplication  of  the  altei*nating 
stress  was  accompanied  an  immediate  and  large  increase  in  specimen  temperature. 
This  temperature  increase  may  be  associated  with  damping  capacity  as  eiqplained 
later  and  is  so  rapid  that  even  if  the  current  to  the  furnace  were  reduced 
immediately  to  zero  the  specimen  would  still  overheat  in  some  cases.  Conse- 
quently, it  was  necessary  to  devise  auxiliary  equipment  in  order  to  control 
this  heating. 

At  first  an  air  blast  cooling  device  which  admitted  compressed  air 
to  the  bottom  of  the  furnace  through  a perforated  copper  tubing  was  added. 

This  allowed  a manually  controlled  volume  of  air  to  blow  up  through  the 
furnace  around  the  specimen  thus  decreasing  any  rate  of  temperature  rise  of 
the  specimen  too  rapid  to  be  controlled  by  the  control  system. 

Later,  two  powerstats  were  connected  in  series  with  the  eccentric 
motor  starting  circuit  so  that  the  otherwise  constant  speed  (3600  RHl)  motor 
could  be  closely  controlled  at  various  speeds  in  the  range  3UOO-36OO  RPM. 

By  manually  positioning  the  Powerstats  the  speed  of  the  motor  was  regulated 
and  consequently  the  applied  alternating  stress  was  controlled.  By  these 
means  it  was  possible  to  control  the  heat  generated  by  damping  of  the  specimen 
to  maintain  the  specimen  at  the  desired  temperature* 

5.1.2  Test  Procedure.  The  test  specimen  is  assembled  and  properly 
aligned  (2)  in  the  liigh  temperature  grips  and  the  thermocouples  are  attached. 

This  assembly  is  then  placed  in  the  machine  and  properly  attached  to  the  top 
plate  and  eccentric  cage  with  the  usual  precautions  in  order  to  minimize 
bending  and  prestressing  (1).  The  thermocouple  leads  are  connected  to  the 
switching  station,  the  control  system  is  activated  and  for  the  first  six  tests 
the  following  starting  procedure  was  used.  The  specimen  temperature  was 
allowed  to  reach  800°F,  purposely  preset  lower  than  test  temperature  to 
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compensate  for  any  overheating  due  to  damping  energy.  This  initial  heat-up 
period  required  l/2  - 3/U  hour.  At  this  temperature  the  alternating  stress 
was  applied  to  the  specimen  and  at  the  same  time  the  set  point  of  the 
controller  was  raised  to  980°F,  allowing  20°  for  possible  controller  over- 
shoot. The  change  in  temperature  of  the  specimen  was  noted  by  switching  one  of 
the  thermocouples  to  the  portable  potentiometer.  If  a sudden  rise  in  tempera- 
ture due  to  damping  in  the  specimen  was  noted  at  the  start  of  the  test  the  air 
blast  was  admitted  to  the  furnace  as  described  in  the  preceding  section.  After 
the  specimen  temperature  ceased  to  rise  the  air  blast  was  gradually  reduced, 
allowing  the  electrical  temperature  controls  to  gradually  take  over  before  the 
test  temperature  of  1000°F  was  approached.  After  the  specimen  temperature  had 
stabilized  at  1000°F  the  controller  was  set  at  1000°F  and  the  test  allowed  to 
proceed  without  further  adjustments  except  for  periodic  checks  with  the 
potentiometer  to  assure  proper  thermocouple  and  control  readings. 

It  is  realized  that  the  interior  of  the  test  specimen  may  have  been 
considerably  hotter  than  the  thermocouples  which  were  more  directly  exposed  to 
the  air  blast.  However,  by  removing  the  air  blast  at  a temperature  as  far 
below  the  test  temperature  as  possible,  by  the  time  the  specimen  attained  test 
temperature  this  temperature  non-uni fonnity  is  minimized. 

In  most  cases  this  air  blast  procedure  effectively  avoided  over- 
heating xd-thout  additional  precautions,  but  occasionally  the  heat  caused  by 
damping  was  so  large  and  sudden  as  to  require  some  changes  in  the  procedure 
outlined  above.  This  led  to  the  development  of  the  variable  speed  start-up 
equipnent  described  previously  and  to  the  start-up  procedure  described  next. 

In  the  variable  speed  start-up  procedure,  the  object  is  to  maintain 
the  tenperature  specimen  as  close  to  1000°F  as  possible  at  all  times.  This 
is  accomplished  by  controlling  the  speed  of  the  eccentric  motor  so  that  any 
applied  alternating  stress  is  sufficient  to  maintain  a steady  state  heat 
balance  between  damping  energy  in  the  specimen  and  external  furnace  heat. 

The  stress  is  applied  when  the  specimen  temperature  reached  10CX3°F,  and  is 
gradually  applied  by  means  of  the  variable  speed  arrangement  until  the 
temperature  tends  to  rise  abruptly.  When  this  happens  the  applied  stress 
is  reduced  by  reducing  the  speed  of  the  eccentric  motor  and  the  controller 
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then  has  time  to  reduce  the  input  to  the  fumace.  Both  of  these  operations 
prevent  drastic  overheating  . ? ..he  specimen.  This  procedure  is  repeated 
until  the  specimen  temperature  renains  constant  at  1000  F and  the  eccentric 
motor  is  in  synchronization  at  3600  RI^.  «hen  this  occurs  the  eccentric 
motor  is  switched  over  to  line  voltage  and  the  variable  speed  start-up 
procedure  is  accomplished.  While  it  was  desirable  to  attain  3600  RPM  as 
soon  as  possible,  it  required  in  most  cases  from  ^ to  1$  minutes  of  speeds 
in  the  3200-3600  range.  During  the  course  of  this  start-up  procedure  the 
eccentric  motor  speed  was  determined  by  a tachometer  and  RPH  readings  taken 
at  one  minute  intervals.  The  temperature  of  the  specimen  as  recorded  was 
checked  with  a Rubicon  precision  portable  potentiometer. 

In  some  tests  iight  overshooting  (20°F)  of  specimen  temperature 
occurred,  but  these  are  not  believed  to  be  serious.  In  other  tests  the 
specimen  fractured  before  the  full  3600  RfM  speed  necessary  to  apply 
predetermined  alternating  stress  was  attained.  However,  since  the  applied 
stress  is  proportional  to  the  square  of  the  frequency  (or  in  this  case,  RPIi) 
of  the  eccentric  motor,  the  actual  stress  could  be  easily  computed  from  the 
data  taken  on  the  speed  of  the  motor.  The  "time  to  fracture"  was  computed 
on  the  basis  of  time  at  motor  speed  3k$0  RB5  and  above.  This  permitted 
recording  of  rupture  times  on  those  specimens  which  fractured  during  the 
variable  EFTl  start-up  or  shortly  after  full  speed  had  been  obtained.  While 
this  method  of  computing  times  is  somewhat  arbitrary  and  subject  to  errors, 
any  error  of  time  is  believed  to  be  less  than 

ft 

5. 1.3  Test  Results.  The  1000°F  test  results  are  given  in  Table  I 
and  Figure  3»  It  is  apparent  from  the  footnotes  that  some  of  the  tests  may  be 
invalid  due  primarily  to  the  temperature  increase  caused  damping.  This  is 
particularly  true  of  the  tests  conducted  before  the  advent  of  the  air  blast 
and  variable  RH-I  starting  procedure.  Due  to  the  overheating ,scMie  failure 
times  are^  no  doubt,  too  short.  Also,  as  indicated  in  the  footnotes,  some 
trouble  was  experienced  due  to  furnace  failure  caused  by  the  vibrations 
present  in  the  test  machine  operating  at  the  high  stress  levels  used  in 
the  1000°F  tests. 
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A study  is  now  being  made  of  methods  to  utilize  the  nearly  instantaneous 
temperature  which  occurs  after  the  alternating  force  is  applied  to  qualitatively 
determine  the  damping  capacity  of  the  material*  One  basic  difficulty  is,  of 
course,  that  the  damping  observed  is  that  associated  with  the  material  over  a 
temperature  range.  However,  it  is  felt  that  temperature  increase  observations 
can  provide  valuable  information,  which  if  considered  with  the  damping  data 
procured  in  rotating  beam  equifxaent  (5)  under  carefully  controlled  conditions, 
would  provide  a more  complete  picture  on  the  damping  properties. 

The  tenperature  increase  during  start  of  test,  as  given  in  the  foot- 
notes in  Table  I,  is  of  course  only  a rough  qualitative  indication  of  damping, 
particularly  if  air  blast  cooling  is  used,  hore  significant  are  the  temperatiire- 
time  curves  procured  during  the  start  of  each  test.  The  analysis  of  these  temp- 
erature-time curves  is  now  in  progress  witn  the  objective  of  developing  a 
starting  procedure  which  might  permit  a more  accurate  indication  of  damping. 
Inspection  of  the  slope  of  these  temperature-time  curves  now  available  indicate 
that  this  damping  appears  to  reach  a peak  value  in  the  temperat'ure  range  from 
900-950°P,  but  this  must  be  considered  a tentative  observation. 

In  the  tests  run  to  date,  serious  temperature  increases  did  not  occur 
at  alternating  stress  below  ± U0,000  psi.  It  appears,  therefore,  that  the 
damping-stress  curve  increases  abmptly  at  this  stress  level. 

5.2  Properties  at  Room  Temperature 

The  fatigue  properties  of  N-l55  were  determined  at  room  temperature 
at  two  stress  ratios,  A = 2.0  and  infinity,  as  shown  in  Table  I and  Pig.  3* 

In  only  one  case,  specimen  J-19  at  the  highest  test  stress  (52,900  psi) 
was  serious  heating  observed.  For  this  specimen  the  damping  caused  the  center 
l/2"  of  the  test  section  to  attain  a temperature  of  approximately  l500°F  in 
less  than  1 minute  after  the  start  of  the  test.  Surprisingly,  specimen  JT-22 
tested  at  the  same  stress  (after  a previous  stress  history  - see  test  data. 

Table  I)  attained  a temperature  of  approximately  U00°F  in  about  20  minutes 
after  the  start  of  the  test  as  measured  by  a thermocouple  soldered  onto  the 
test  section.  Damping  data  for  H-155  at  room  temperature  to  be  presented  in 
a future  paper  show  that  sustained  cycle  stress  at  room  temperature  decreases 
slightly  the  damping  in  the  stress  range  cited  above,  and  this  would  tend  to 
cause  the  temperature  increase  of  a specimen  with  a previous  stress  history  to 
be  reduced.  However,  the  magnitude  of  this  decrease  does  not  appear  to  be 
sufficient  to  explain  the  different  temperature  obsei’ved  in  specimens  J-19 
and  JT-22,  and  this  discrepancy  is  being  further  investigated. 
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VI.  SUMMARY  AND  CONCULISIONS 

The  exciting  and  Inertia  force  in  the  dynamic  testing  machine  used 

in  this  Hoz^  were  carefully  analyzed  and  calibrated.  Three  independent  methods 

of  calibration  were  used;  one  was  essentially  theoretical  in  nature  and  the 

other  two  were  essentially  e^qjeximental.  All  three  methods  of  calibration 

checked  each  other  within  approximately  ~ 1^$  in  the  operating  range. 

# o 

The  approximate  ireversed  fatigue  strength  at  1000  F indicated  in 
Fig.  3 is ’t’  U5,000  psi.  This  strength  must  be  considered  only  a tentative 
value  because  of  the  temperature  inci^ase  difficulties  experienced  due  to 
the  high  damping  of  N-l55  as  explained  previously.  Thus,  the  correct  value 
is  probably  someidiat  higher.  There  are  no  comparative  direct  stress  data 
available.  However,  reversed  bending  fatigue  strengths  at  1000°F  have  been 
reported  as  (a)  - U9,000  psi,  about  10$  higher  than  the  direct  stress  value 
indicated  above,  on  the  identical  material  (U)  and  (b)  - U5>000  psi  on  another 
heat  of  low  carbon  N-l5^  (6).  The  fatigue  strength  for  a stress  ratio  of 
A ■ 2.0  at  1000°F  is  19,700  psi  - 39,300  psi.  There  is  no  other  available 
data  for  comparative  purposes. 

The  room  temperature  fatigue  strength  indicated  in  Fig.  3 is 
21,200  fU2,l400  psi  at  A s 2 and  - U6,^0  at  A = oa.^  Here  again  the  only 
comparative  data  available  for  check  purposes  is  the  reversed  bending  fatigue 
strength  of  (a)  i 55,000  psi  (some  20$  higher)  on  the  identical  material  (U) 
and  (b)  - U6,000  psi^  on  another  heat  of  material  (6). 

It  is  interesting  to  note  that  the  reversed  fatigue  strength  of 
N-155  at  lOOO^F  is  almost  (within  5$)  the  same  as  the  fatigue  strength  at 
room  temperature  whereas,  at  a stress  raldLo  of  A > 2.0,  the  fatigue  strength 
at  1000°F  is  approximately  10$  lower  than  at  room  tenperature. 

Most  prior  room  tenperature  work  indicated  that  in  general  the 
bending  fatigue  strengths  of  a material  are  significantly  higher  than  the 
direct  stress  fatigue  strengths.  The  fatigue  data  cited  above  are  thus  in 
agreement  with  this  general  observation.  An  analysis  of  the  reasons  for 
this  difference  between  bending  and  direct  stress  fatigue  strengths,  although 
now  in  progress,  is  beyond  the  scope  of  this  report. 


«The  term  "fatigue  strength"  without  further  designation  refers  to  the 
fatigue  strength  at  2 x 10'  cycles. 

**This  is  the  fatigue  strength  of  polished  specimens.  Ground  and  "rou^" 

specimens  had  fatigue  strengths  of  - 38,000  psi  and  ^ 5U,000  psi,  respectively, 
a difference  iddch  is  probably  attributable  to  surface  stress  (6). 
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The  sudden  increase  in  specimen  temperatures  observed  immediately 
after  the  application  of  alternating  force  in  certain  temperature  and  stress 
ranges  is  an  indication  of  the  extremely  high  damping  of  N-l5$.  Quantitive 
damping  data  on  this  material,  discussed  in  Part  C of  report  (7)>  partially 
confirm  this  observation. 

This  sudden  temperature  increase  is  caused  by  damping  and  intro- 
duces serious  problems  in  testing  techniques.  An  air  blast  cooling  method 
incorporated  within  the  specimen  furnac^  and  lately  a variable  speed  start- 
up procedure*  has  been  reasonably  successful  in  avoiding  specimen  over- 
heating due  to  internal  damping. 
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TABLE  I.  TEST  DATA  FOR  N-155 


A:-  ROOM  TEMPERATURE  TEST 


Spec* 

NO.* 

Uter 
Mean 
Ratio  A 

Applied  Stress  - KSI 

Mean 

Stress 

Alter 

Stress 

Max. 

Stress 

Min. 

Stress 

Time  for  Rupture 
in  Hours 

JU-23 

2.0 

21.0 

Ul*2 

2U*6l 

JB-23 

2.0 

21*5 

U2.2 

JE-21 

2o0 

22.1 

U3.2 

65.3 

-21.1 

1.5^ 

JF-20 

2*0 

22*0 

l43*U 

65.U 

-21.  u 

18.2 

JT-22  (1) 

00 

0 

UU*2 

UU.2 

-UU.2 

502*  ^ 

JW-21 

00 

0 

U7.0 

U7.0 

-U7.0 

32.5 

JT-22  (2) 

00 

0 

U7.2 

U7.2 

-U7.2 

267.  5^ 

JP-19 

00 

0 

52.9 

52.9 

-52.9 

0.08^ 

JT-22  (3) 

00 

0 

52.9 

52.9 

-52.9 

0.35^ 

B:-  1000°F  TESI 

TEMPERATURE 

N1231F  (1) 

2.0 

19*3 

38.7 

58*0 

-19*  U 

117.  ^ 

N1230F 

1*8 

21.0 

37.9 

58*9 

-16.9 

0.018® 

JL19 

2*0 

19*7 

39.3 

59oO 

•19#  6 

3.0 

N1233F 

2.0 

19.7 

39*3 

59.0 

-19.6 

0*17^ 

N123liF 

2.0 

19*7 

39*3 

59.0 

-19.6 

1*8.1 

N1231F  (2) 

2.0 

20.0 

Uo.o 

60*0 

-20*0 

5.1"° 

N1232F 

2.0 

20.0 

Uo.o 

60.0 

-20.0 

U*U 

JC20  (1) 

00 

0 

39.0 

39.0 

-39.0 

271.  ^ 

JJ18  (1) 

00 

0 

la.o 

Ul.0 

-la.o 

187. 

J122 

00 

0 

ll.O 

la.o 

-la.o 

0*13^ 

JS21 

00 

0 

U3.U 

U3.1i 

-U3.U 

0*008^^ 

JC20  (2) 

00 

0 

U3.U 

U3.U 

-U3.U 

0.025^^ 

JJ18  (2) 

00 

0 

li3.5 

U3.5 

-U3.5 

0.13^® 

N1226F 

00 

0 

U3.5 

U3.5 

-U3.5 

0.05^^ 

N1227F  (1) 

00 

0 

U3.5 

U3.5 

-U3.5 

U2. 

N1228F 

00 

0 

U5.0 

U5.0 

-U5.0 

0*13^^ 

N1227F  (2) 

00 

0 

ii6*0 

U6gO 

-li6.0 

168.  20 

N1235F 

00 

0 

U6.5 

I46.5 

-1*6.5 

0.1521 

N1227F  (3) 

00 

0 

I48.5 

I48.5 

-U8.5 

0.65^2 

Specimen  numbers  with  "J"  prefix  prepared  by  Michigan* 

Specimen  numbers  with  "N"  prefix  prepared  by  Minnesota* 
♦♦These  ej.evated  numbers  indicate  notes  on  following  page* 
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TABLE  1.  TEST  DATA  FOR  N-155  (CONTINUED) 


Notes 

!•  Flex-plate  (machine  part)  failed  idiich  bent  specimen  and  stopped  test* 

2*  Specimen  f2*actured  in  the  threads* 

3*  Test  stopped  before  specimen  ruptured* 

U*  Previous  stress  history*  See  JT-22  (1). 

S»  Test  section  of  specimen  attained  dull  red  heat  color  with  consequent  elonga- 
tion of  specimen  liiich  stopped  test* 

6.  Previous  stress  history*  See  JT-22  (1)  and  (2)#  Specimen  temperature 
rose  from  75°  to  approximately  UOO*^  during  duration  of  test* 

7*  Test  stopped  before  specimen  ruptured*  Variable  RFM  stairt-up  procedure 
used  to  control  danping  heat* 

6*  Specimen  ruptured  before  machine  attained  3^00  EPK*  Stress  calculated 
on  basis  of  maximum  RRi  attained*  Variable  BR!  start-up  procedure 
used  to  control  damping  heat* 

9*  Specimen  temperature  rose  20°F  from  1000°F  within  20  seconds  after 
machine  attained  3600  RHi*  Vailable  RPM  start-up  procedure  used  to 
control  damping  heat* 

10*  Previous  stress  history*  See  N1231F  (1)* 

11*  Test  stopped  before  specimen  ruptured* 

12*  Test  stopped  before  specimen  i^qptured*  Air  blast  used  to  control  specimen 
heating  at  approximately  825°F* 

13*  Specimen  ruptured  before  machine  attained  3600  RPM*  Stress  calculated  on 
basis  of  maximum  RHl  attained*  Variable  RFM  start-up  procedure  used  to 
control  damping  heat*  ^ 

lli*  Specimen  taupe  rature  rose  from  800°  to  approximately  1130°F  within  30 
seconds  after  machine  attained  3600  RM* 

15*  Previous  stress  history*  See  JC20  (1)*  Specimen  tenperature  rose  from 
900°  to  approximately  U26°F  within  90  seconds  after  machine  attained 
3600  RFM* 

16.  Previous  stress  history*  See  JJI8  (1)*  Specimen  temperature  rose  from 

900°  to  approximately  1150°F  after  machine  attained  3600  RIM*  Thermocouple 
failure  occurred  2 minutes  after  starting  test*  Air  blast  used* 

17*  Specimen  temperature  rose  from  950°  to  approximately  10U0°F  in  about  20 
seconds*  Air  blast  used* 

18*  Variable  RFM  start-up  procedure  used  to  control  danping  heat* 

19*  Specimen  temperature  rose  from  1000*^  to  1100*^F.  in  approximately  30 

seconds.  Variable  RPM  start-up  procedure  used,  specimen  ruptured  before 
machine  attained  36OO  RPM.  Stress  calculated  on  basis  of  maximum  RIM 
attained. 

20.  Previous  stress  history.  See  N1227F  (l).  Variable  RM  start-up  procedure 
used  to  control  specimen  damping  heat. 

21.  Specimen  temperature  rose  from  1000°  to  1030°F.  at  time  of  rupture. 

Variable  RIM  start-up  procedure  used. 

22.  Previous  stress  history.  See  N1227F  (1)  and  (2)  Specimen  temperature 
rose  from  1000  to  IO3O  F at  time  of  rupture.  Variable  RFM  start-up 
procedure  used. 


WADC  TR  52-226  Pt  1 


15 


0 0.2  0.4  0.6  0.8  1.0  \ .2  1.4 


RATIO  OF  EXCITING  TO  RES.  FREQ.  = ^ 

FIG.  I.  AMPLITUDE  FREQUENCY  CURVES  FOR 
MINNESOTA  DIRECT  STRESS  FATIGUE 
MACHINES  SHOWING  LOCATION  OF 
OPERATION  FREQUENCIES 
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FIG.. 2..  CALIBRATION  CURVES  FOR  FATIGUE  MACHINE  NO.  6,  SHOWING 
CtrlECK  PROVIDED  BY  THREE  INDEPENDENT  METHODS. 
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' '0  100  1000 
HOURS  TO  FRACTURE LOG  SCALE 

FIG. 3.  TIME  TO  RUPTURE  VERSUS  MAXIMUM  STRESS  DURING  THE 
STRESS  CYCLE  FOR  N-155  AT  ROOM  TEMPERATURE  AND  lOOO"  F. 


